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(Students’ Paper No. 401.) 

(Abridged.) 

‘‘ The Elastic Properties of Steel Wire.” 
By ARCHER DAVE EEIGWIN, Stud.  Inst. C.E. 

THE experiments described in  this  Paper  were  undertaken  to 
determine  the  behaviour of annealed  and  unannealed  steel  wire 
when subjected to  tensile stress. The  material used was drawn 
from one billet of steel  into Nos. 8,10, 12’14, 16, 18,20,22B.W.G. 
wires; and its  analysis, for which  the  Author  is  indebted  to Mr. 
J. E. Stead, of Middlesbrough, was :- 

Carbon 0.7 
Per cent. 

Manganese . . . . . . . .  1 . l24 
Silicon . . . . . . . . .  0.121 
Sulphur . . . . . . . .  0.06 
Phosphorus . . . . . . .  0.053 
Aluminium . . . . . . .  0.007 

. . . . . . . . .  

Testing-Machine.-A machine of the  steelyard  type  was em- 
ployed for  the teste. The  frame consisted of two  parts,  the 
upper  having  vertical movement and  carrying  with it the steel- 
yard and balance-weights with  the  clip for  one end of the wire. 
The lower part formed the  stand, to which  is  attached  the  gear for 
raising  the  upper  part,  and  the  clip for the  other end of the wire. 
The  steelyard  carried a  jockey-weight, by  which  small  increments 
of load could be  applied, a scalepan  for the reception of heavy 
weights, and, a t  its end,  a  pointer, by  bringing  which  to a  fiducial 
line, the  steelyard could be  raised to  give correct  balancing. 
The  jockey-weight  was  about 114 lbs., and  for 100 lbs. load it 
had  to be  moved 1 * 75 inch  along  the  steelyard. In this form 
the machine was, however, far too insensitive for the  nature of 
the  experiments  the  Author  had to carry  out,  for since 1 75 
inch represented 100 lbs. load, and  the smallest wire  broke a t  
55 lbs., it would have been impossible to  determine  the elastic 

I This Paper was read  and  discussed at a  Students’  meeting on the 
17th December, 1897. 
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behaviour of the wire. . The  Author therefore  made the machine 
ten times as  sensitive  by  using a small jockey-weight and a 
counter-balance weight, so that  when  the jockey-weight  was a t  
zero the  steelyard was in  equilibrium.  The machine was care- 
fully  calibrated  by means of 100-lb. lead  weights, which were first 
weighed on a calibrated spring-balance. Up  to 1,000 lbs. every 
100 lbs., and a few  intermediate points,  were  tested, the jockey- 
weight  and balance-weights being adjusted. The  total  length of 
steelyard represented 300!1bs., and for greater loads weights were 
placed in  the scalepan, each representing 306 lbs. In this modified 
form the machine  was  found  to  work in  a most satisfactory 
manner. 

Cathetometer.-For measuring  the elongation, two  points on 
the  wire were observed by a  cathetometer con- 
structed  by  the  Author  from a model of the 
Cambridge  Scientific Company. The telescope 
was of the  reading form, !having an eye-piece 
with cross-hairs, and  an object-glass  capable of 
being  easily moved by means of a pin  sliding 
up  and down  a slot in  the telescope-tube. The 
observation points were attached  to  the wire, 
and consisted of pieces of brass  about 4 inch  by 
3 inch  by a inch,  with a  hole drilled  through 
which  the  wire passed. A hardened  steel set- 
screw, with a sharp point, .was screwed through 
the  side of the block into  the hole and so jammed 
the wire, the  sharp  point  just  entering  the  skin 
of the wire. Attached to the block was  a  brass 
frame, having  an  aperture 5 inch  by t inch, 
across which was  soldered  a piece of phosphor- 
bronze wire, 0.001 inch diameter,  forming the  line  to be observed. 
To render  the  wire more conspicuous, a piece of white paper  was 
fastened on the back of the frame. There were  two such frames, 
one a t  each end of the specimen ; these were easily found by  the 
telescope, and  when so viewed the  wire appeared the same size as 
the cross-hairs in  the telescopa; no difficulty was found in  making 
the  two  lines coincide. 

To overcome the difficulty  experienced with  the  ordinary wire- 
grips  the  Author devised the form illustrated  in Figs. l. A steel 
cone about 2& inches long, with a taper of about 23, was 
turned  and a small hole was  drilled down the  centre  through 
which  the cone was split  into  three  equal parts. The cone, A, is 
fitted  into a hole of same taper in a steel  cylinder, B, about 

Figs. 1. 

2 2  
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24 inches long, having  the  end rounded, the  cylinder  resting in a 
conical  cup, C. The  centre edges of the  divided cone were  made 
saw-like, and were slightly filed off towards  the  bottom  and 
hardened. Three  equidistant  slots were cut  in  the  cylinder, 
through which screws were  fastened into  the cone so that  the 
pieces could slide up  and down in  the  vertical  plane only. The 
wire  being placed between the wedges, they were tapped  into 
place, and  the  cylinder  resting on the  cup would adjust  itself SO 

that  the  wire  was  pulled  vertically,  and  the  greater  the  pull  the 
firmer became the  grasp of the cones on the wire. This  grip 
could take  wires of every size without difficulty, and worked well. 

Method of Procedure.-The testing-machine  and  cathetometer 

Fig. 2. 

S T R E S S  IN LES PER S q .  INCH 

having been adjusted, the  latter  being placed on a low table 
which  was cemented into a concrete floor, the diameter of wire to 
be  tested  was carefully measured by a direct-reading micrometer 
screw; one end  was  then fixed into  the top grip  and  the brass 
screens forming  the  points of observation were then slipped on, 
and the  other  end of the  wire was fixed into  the bottom grip and 
the screens finally  adjusted  to  about 20 inches apart and illuminated 
by an incandescent-gas light.  The  weight,  equivalent to a stress 
of 10,000 lbs. per  square  inch on the wire, was then calculated, 
and  the jockey-weight  was moved to the required position on the 
steelyard.  The hand-wheel was  then  turned so as to  apply  the 
load and  the  steelyard  was balanced so that  the  pointer came up 
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the machine may be 
taken  as  well  within 
5 per  cent. The catheto- 
meter accuracy  was con- 
siderably  greater  than 
this. The readings were 
taken  in  millimetres  and 
f millimetres, the  latter 
being  divided  into  ten 
parts  by  the  eye  with  the 
aid of a  powerful lens. 

Results. - The  wires 
were  first  tested  as re- 
ceived from the drawers. 
They were then  an- 
nealed by cutting them 
U p i n t o  convenient 
lengths and placing them 
together in  a  14-inch 
gas-barrel packed with 
quicklime. The  barrel 
was heated in a gas-fur- 

to the fiducial  line. The  heights of the screens  were then 
observed by the telescope, and  the readings, taken on the scale 
20,000 lbs. per square  inch stress, would then be taken  in  like 
manner, and so on until  the  wire broke. 

Accuracy.-The greatest  error found  on the testing-machine, 
when  calibrated, was less  than 1 lb. in  the first 100 lbs., and as 
this point was near the 
fulcrum, statical  friction 
and  the  small  turning 
effect  might  easily ac- 
count for i t ,  at  the  other 
points  there  were no 
appreciable  errors;  the ' 
accuracy,  therefore, ' of 

Fig. 3. 

STRESS IN LBS. PER Se.  INCH nace  to  a bright-red  heat 
and afterwards allowed to slowly cool ; the  length of time 
for  this  operation  was  about 5 hours. The  results showed that 
the effect of annealing on the  breaking load  was to reduce it 
39 per cent., the  ratio of yield  to  break  being lowered 13.3 per 
cent.  The  reduction of sectional area at  the  break  varied  between 
43-5 per cent. and 51.8 per cent., an increase of 16.0 per cent. 
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The mean  curves of the annealed and  unannealed  wires  are  shown 
in Fig. 2. They were obtained by  taking a mean of the  three 
specimens of each wire,  plotting  them  and  then  drawing  the mean 
curve. In the  annealed specimens the  elastic  limit is shown in a 
very  marked  manner,  lying on a point  between 50,000 lbs. and 
60,000 lbs.  stress, and  all approach very  nearly  to  the 80,000 
ordinate  which  is  the  breaking stress. In the  unannealed  wires 
the  yield  point is harder  to detect, and  the  breaking  stress seems 
to be of a rather  erratic  nature,  although  the  lines  are exceedingly 
uniform  up  to 105,000 lbs. stress. 

In Fig. 3 is shown an enlarged part of the  curve from the 
elastic  limit,  together  with a curve of the form x2 = a y ,  
which is parabolic. For  the  upper  curve  the expression is 

Fig. Q. 

8 : W . G .  SIZES 

x2 = 21.7 y. So it will be 
seen that  the mean curve  lies 
across a  parabola whose con- 
stant is 21 * 7, and  therefore 
is for  all  practical purposes a 
parabola. 

The  breaking loads and 
elastic  limits of the  wires  are 
illustrated  in Fig. 4.  It will 
be noticed that, whereas the 
breaking loads of the un- 
annealed  wires  are  not  very 
definite quantities,  the effect 
of annealing  brings  the break- 
ing load  down  to  a very defi- 
nite point, which shows that 
the cause of the  high break- 

ing loads in  the unannealed  wires is due  to mechanical work done 
on them. That such was the case in  larger wire and rods has 
been shown  by Mr. H. Allen,l and  this also shows that such is 
the case with  the smaller wires. There seems to be a slight 
increase in  the  breaking loads as the  wires become smaller, but it 
is hardly  perceptible; NO. 18 has a distinctly  higher  breaking 
load than  the others. A piece of No. 14 wire was drawn  to 
No. 18 without  annealing ; this specimen  broke a t  G9 tons, which 
shows again  the increase of breaking load due to the  drawing of 
the wire. 

If the  breaking loads of the  annealed  and  unannealed wires be 

1 Minutes of Proceedings Inst. C.E., vol. xciv. p. 235. 
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plotted on a  circumference  base,  as in K g .  5, it will  be seen that 
the  line of unannealed  breaking  loads  has an  inclination down- 
wards  to  the  horizontal  line  as  the  circumference becomes larger. 
If  this  line be produced i t  will be found  to  cut  the  line of 

Fig. .?. 

CIRCUMFERENCES - 2 2  B . W . G .  A S  UNITY 

annealed  breaking  loads at  a  point  where the circumference  gives 
a diameter of about 3.25 inches. This  theoretically would be 
the  limit  at which  wire-drawing  should cease to affect the 
breaking load. The  line pro- 
bably becomes asymptotic  as Fig. 6. 
it nears the horizontal  line r 
and  consequently doe 
cut it. 

The elongation  per 
of annealed  and  unan 
wires at   the elastic-limit  and 
breaking - load  readings, in 2 
the case of annealed 
is  shown  in Fig. 6. 
occurred at  a  point 
the stress  was 77,500 lbs. 
per  square  inch,  and in  the 22 20 83 16 14 12 10 a 

unannealed  wire 107,500 lbs. 
per  square  inch. The points show great  uniformity, the un- 
annealed  elongation at  77,500 being  the most erratic.  This, 
however, is to be expected,  as the material  is in  a very  plastic 
condition. 

B. W .  0 .  SIZES 
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The  following is a summary of the conclusions derived from the 
tests :- 

(i) Steel  when  drawn  into  wire  has its breaking load increased ; 
the probable cause is that  the molecules are pressed together, and 
therefqre  the  density of the  material is greatly increased ; 

(ii) When  the  wire  is annealed the molecules assume their original 
state, and the  breaking load is lowered to the  breaking load of the 
billet from which  the  wire  was  drawn,  in  this case an average 
reduction of 39 per cent. ; 

(iii) The  ratio of yield  point to breaking load is lowercd, viz., 
36-7 per cent. and 31.8 per cent.  for  unannealed and  annealed 
wire respectively,  a  reduction of 13 3 per  cent. ; 

(iv)  The  ratio of extension a t  yield point  and  breaking load in 
unannealed  wire, viz., 0 .25  per  cent. to  0 - 75 per  cent., is increased 

(v) The reduction of area of break is increased 16.0 per cent. by 
annealing ; and 

(vi)  That  the mean stress-strain  diagram is a  parabolic  curve for 
annealed wires. 

The  Author desires to  tender  his  thanks to Professor D. S. 
Capper, Assoc. M. Inst. C.E., for the loan of the  testing-machine 
and  valuable assistance, and  to Professor F. W. Burstall for many 
useful suggestions in  the construction of the  apparatus for carrying 
out  the experiments. 

. by  annealing to 0 - 2 5  per cent. to 5 per cent. ; 

The  Paper is accompanied by  ten  drawings, from which  the 
Figures  in  the  text  have been prepared;  and by an Appendix 
containing a tabulated record of the  results of the experiments. 
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